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PHWKRG 6RPH PHFKDQLFDO SURSHUWLHV VXFK DV WHQVLOH DQG IOH[XUDO VWUHQJWK LQFUHDVHG PRGHUDWHO\  DQG 
UHVSHFWLYHO\EXWRWKHUVOLNHIDWLJXHVWUHQJWKLPSURYHGVLJQLILFDQWO\$UDLHWDO>@SXW&1)EHWZHHQFDUERQHSR[\
OD\HUVDQGFRQGXFWHGPRGH, IUDFWXUHDQG IDWLJXH WHVWV7KH WHVW UHVXOWVVKRZ WKDW WKHQXPEHURIF\FOHV WR IDLOXUH
EHFRPHVWLPHVJUHDWHUWKDQUHIHUHQFHODPLQDWHV
$VPHQWLRQHG EHIRUH DOVR WKH XVH RI1\ORQ QDQRILEHUV LV D JRRG FKRLFH IRU LQFUHDVLQJ IUDFWXUH WRXJKQHVV RI
FRPSRVLWH ODPLQDWHV+RZHYHU WKHUH LV VWLOOD ODFNRIVWXGLHV LQ OLWHUDWXUH UHJDUGLQJ WKH IDWLJXHEHKDYLRURI1\ORQ
QDQRILEHULQWHUOHDYHGODPLQDWHV$W WKHSUHVHQWRQO\6KLYDNXPDUHWDO >@VWXGLHGWKHHIIHFWRI1\ORQRQWKH
IDWLJXH GHODPLQDWLRQ WRXJKQHVV DQG LWV LQYHVWLJDWLRQZDV IRFXVHG RQ8' ODPLQDWHV 7KHUHIRUH LQ WKLVZRUNZDV
LQYHVWLJDWHGWKHIDWLJXHEHKDYLRUDWGHODPLQDWLRQRIZRYHQODPLQDWHVLQWHUOHDYHGZLWK1\ORQQDQRILEHUV0RGH,













2.2. Electrospinnig process 
1\ORQQDQRILEHUVZHUHSURGXFHGE\PHDQVRIHOHFWURVSLQQLQJWHFKQLTXH>@7KHSRO\PHUZDVGLVVROYHGDWD
FRQFHQWUDWLRQRILQDVROXWLRQFRPSRVHGE\)RUPLF$FLGDQG&KORURIRUP&URPDVROYYYSXUFKDVHG










2.3. Lamination process 
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FRQVWDQW FURVVKHDG UDWH RI PPPLQ 'XULQJ WKH WHVW WKH ORDGGLVSODFHPHQW FXUYH ZDV UHFRUGHG DQG WKH FUDFN
SURSDJDWLRQZDVYLVXDOO\GHWHUPLQHGE\WKHPHDQVRIDQRSWLFDOPLFURVFRSH7KH0RGH,HQHUJ\UHOHDVHUDWHGI ZDV
GHWHUPLQHGDFFRUGLQJWRWKH0RGLI\%HDP7KHRU\0%7DVVXJJHVWHGE\WKHSURWRFRO$670'>@







                                                                                    
ZKHUHP LV WKH ORDGį LV WKH GLVSODFHPHQWb WKHZLGWK RI WKH VSHFLPHQa WKH GHODPLQDWLRQ OHQJWK DQGȴ LV WKH
GHODPLQDWLRQOHQJWKFRUUHFWLRQSDUDPHWHUWRFRQVLGHUWKHEHDPURWDWLRQDWWKHGHODPLQDWLRQIURQW7KHLQLWLDOIUDFWXUH






RI+]ZLWKDIL[HGORDGLQJUDWLRR= Pmin-n /Pmax-n =įmin-n /įmax-n =0.3$WHDFKn-cycle WKHPD[LPXPPLQLPXP
YDOXH RI WKH GLVSODFHPHQW DQG ORDGPmax-n DQG įmax-n Pmin-nDQGįmin-nZHUH UHFRUGHG 6SHFLPHQVZHUH WHVWHG DW
GLIIHUHQWYDOXHVRIGImax:KHUHGImaxLVWKHPD[LPXPPRGH,HQHUJ\UHOHDVHFDOFXODWHGE\PHDQVRIWKHPRGLILHG
EHDPHTXDWLRQZKHUHPDQGįDUHHTXDOWRPmax-1DQGįmax-1HYDOXDWHGDWWKHILUVWF\FOHaLVWKHLQLWLDOGHODPLQDWLRQ
OHQJWK D DQG ȴ is H[WUDSRODWHG IURP WKH TXDVLVWDWLF WHVW 7KH IDWLJXH WHVW ZDV VWRSSHG ZKHQ WKH VSHFLPHQV
FRPSOLDQFHC=(įmax n-įmin n)/(Pmax n-Pmin n)KDVLQFUHDVHGE\DQGWKHUHODWHGIDWLJXHGHODPLQDWLRQRQVHWOLIHN5%
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5HVXOWV
3.1. Mode I Quasi-static Fracture Toughness: 
5HVXOWVRIPRGH,IUDFWXUHTXDVLVWDWLFWHVWVDUHUHSRUWHGLQ)LJDQGWKHPRVWUHOHYDQWYDOXHVDUHVXPPDUL]HGLQ
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ODPLQDWHGth-Virg=109 J/m^2 vs Gth-Ny=207 J/m^2)
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